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&a recombinant production of toman l&etoferrin. 
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*rrm 



HtimaB ketoifemtt (LF) is a member of the 
of ira^Mnimg monomenc: g^oi^oteins. ft was origirMlJy iiseo^rad m 
milk wiiere it can reach kyels of 7 grams/liter M eolosfcnim. LF hm since 
been detected in other external £l\Hds such m tear^ saliva aM imxeo^al 
BesTBtipus and also in the secondary framifea of poljarn^rphoniielaar 
Ibu] 



LF is a 78 

a high degree of homology between the 0 and N terminal MI^ss whiclt is 
evident at both the amino acid and three dimensional 
Bach of these lobes mxi reversibh? Mm$ one feme Iron 
and wlth. &6 :i>0ii^om!ta?xt< binding of Meari 
proposed for lactoferrio melnSe 
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iron absorption in infents, promotion of cell growth, 
i of myelopokais and modulation of inflammatory responses. 
Filamentous fungi have bean successfully employed as hosts 
m the industrial production of extracellular glycoproteins* Certain 

m capable of accreting grain quantities of these 
In addition, filamentous fungi are able to correctly perforin post* 
mi ^laMonal modiixeations of eucaryotic proteins and many strains have 
UJ3 Food and Drug Administration approval Furthermore* large scale 
fermentation technology and downstream processing e^erience is 
available v. 




no 



eeonomkal way to 



produce human LF. Oonseauentlv, a 
art would be mat by the devel 
production of human l&ctoferrin 
plications and for 




fc of 




>■ method for the 
and therapeutic 
mechanism of action, 




cell and 



In one embodiment* the present invention provides for a 
pi&smid comprising the eDNA of human lactoferrin. 
pl&sniid of the present invention m adapted for expression in an 

the regulatory elements necessaiy for the expression of 

in this .euearvotki cell 

present invention provides for 
cell which includes a recombinant plasmid. The 
d from a group of filamentous fungi comprising 






a transformed e 
eucaryotic eeil is 



Aspergillus* The piaamid contains a plasmM vector Into which, a 

xrin pi 

In yet another embodiment of the present invention* there 
is provided a proems for producing recombinant human h 
comprises cultming a transformant &uxmrr®mc miL wmcn memaes a 







a smta&fe iwtrxeat meditsm vmtU 
I, tim hmmn keto&rrfc 

& still yet ano&er mpo™i ox tm prmmm mmmmri, 
there is prodded a reeomfolmatit expression vector. This vector coMpr Isss 
a traascrlptlosial wait mmptMng m SBmmMy of (1) a gsnetie akmest or 
tmmm havi M a ^i.^ r * «. ^ TOion; (2 7cDNA c«l fag for 

*rrm; (S) appropriate*^ mtMafckm 
aBd--'tmalnat£tm- s^tieneea; aftd (4) a genetic element for selection of 
aspergillns spoils tfeat fam?® brnn trmm^m^Bd with ifes «etat, 

la still jet aisoibor embodimant of ihe 
there is prodded a matfc^d for 
lac 




irsm 



a 



.0G 'I 

gene* a p 
sequence; 
res 
a res 







g sequences 

raiteation secp&neey 
to ferm a pla^mM; <Sgesfcimg 
^aB0; iBB^rtmg a cDNA coding for 



m e 




So tliai the manner in which the above raalted featiares, 
afeiitapsa, and ofcpeta of the ia* 

become clear, are obtained and can fee xmmrsi 
particular descriptions of the inventioti brieSy 

bad hv reference to certain embodiments thansof wMcfe are ilhMrated ffi 




appended drawin, 
§ to be 



vthat the 




ot its scope, 
embodime^ 



fbnB a part of this specification 
<srawiag^ Slti^trnte | 
therefore not to be considered limiting 
admit to otber equally effective egni^aleM 
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Fig* 1 deplete a s& 
esqsremioii plasmM* 

Fig, 2 shows a 



s mpergUluB 



analysis of 



aspergtuns oryme sferams* 

Fig, 8 depicts an HNA analysis of 



control AO 



7. 



of reeomh 



LF 



Fig. 4 shows the silver stained SDS-aetyllmida gal tm&lysis 
in&nt LF secretion and purification. 

Fig. 5 illustrates the charaeterimtion of recombinant human 

£ 6 depicts the cBNA sequence for human lactoferrm, 




DBFIH1TIQ 

For the pxsrpos 
ijneana a. 
»m transferrin* ovofcmnsfe 
struct 



of the jpranot app 
% of Iron tratiBferrm 
m and lactoferrm. These 





l vex*. V J 



the term 
including: 
is are all 



For the purposes of the present 
vectorCs}"" means pkemid vehide to allow insertion, propagation and 
expression of lactoferrin cBNA. 

For the purposes of the present appj 
^sUbT* means any eneai^&tk eel! that will allow 

in expression plasmid into its genome. 
For the purposes of the present a] 
promoiorCs)* means regulatory BN Asequenoes that controls transcription 
of the laetoferrm el 



;ion ? the term 
jgration of the 

felon* the 




For the purposes of the present application, the term 

"A fe&gment containing restriction 

allowing insertion of a 



ming cassette" means a 
enzyme cleavage sites for a v 




"fcr&nsfo 



feinting 
can bmd 



For the pmtpmm of the prsseni apple&fciom, the term 

^ uptake of plaaxnli % a rafev&nt ^uear^ti^ cell 

For ilxe purpose of ibe preset applcaMo% the te^n "^iroii 
eapae% ¥? means ability to bind ^Fa< Fully fiinetioiml laefeoferrin 
two atoms of imn par mote^ule of LF, 

For tise pirposes of the present application, the term 

means' biological activity of 
f to bind iron. The h 

Mod 




are 




5 Mlowmg exmap^' are pven for the pixrposes of 
>dlmeBts of the prosit invention and are not 
of the preset immMmx m any fem, 







in used in these studies was derived 

orymm was 

was oarrie 



&< oo^&g li^ilY 11488), * 

>eiride 

of the procedure of Q&matu, at a]., Cell Biol 
$14m-XBM (1£S7>. QmMm (IXl^/m!) were ino^nlated Into SO ml of 
y 3 m^dlmB (S<5% ye&st extract 2% glmm®} ^o^taimmg I bM uracil and 

Srowih w&b at 32*0 fer 14-18 lours until a germ tabe 
was visible. Th0 gmnhiated conidla ware harvested by oenMfitg&tion and 
remispendad in 40 ml of fytie mk eontaitiing 0.4 M ammoxikim sulphate, 
SO mM potasaitmi eitrafee CpH 0,0), 0 j% yeast e^tmct, 0< 12 g mrmym% 
&Xg IM&ekse, 100 jil f-gl^iiroiiidaae, 0<5% sti^oge aid 10 mM MgS0,< 
topl&sting web 2-3 hmzm at 82*0 and 150 rpm, Following 
kopfe^mm filtration using sterile mlradoth w nes^sairv 



r< 
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igested myeeMa> The protoplasts were harvested by eentrifugation 
and washed twice with 10 ml of OA M ammonium sulphate, 1% sucrose 
and 50 ml potassium citrate (pH 6>0) at 4*0, resnapended in 1 ml of 0,6 
M KOI; §0 ml OaCI; 10 mM Tris4i0i CpH 7.5) and placed on lea The 
transformation was performed immediately following the protoplast; 
preparation, AJiquots (160 pi) of the protoplast were added to 8 &g of DMA 

w p^oyka glycol (PEG) 8000, 50 atM CaCI^ QM M. KQl 
and 10 biM Tri$»HCl,(pH 73), The samples ware incubated on iee for 
t<aen mmnlas after wMoh an additional 1 ml of the PEG solution was 

ton at room temperature was continued for thirty 
[quota of 1Mb nsmiure were plated in 8 mis of 0,7% minimal 
supplemented with 0A% ammomitm 

same hut solidified with 2% agar, AH subsequent growth 
was at S2° : CL 
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A schematic representation of the expression ptesmid Is 
shown in Fig< 1> The complete eDNA encoding hnman LF waa repaired 
the Rlenow fragment of BHA polymerase I and sofoeloned into Aeel 

Jred pGI5M4 to generate pGEMixLFe, In order to remove 
the LF signal sequence and generate a 5* end in frame with the ^-amylase 
sequences, a 262 base pair laetolfernn fragment (hi 69~32B containing 
HindlX/Acd ends was obtained by polymerase chain reaction (FOB) 
icaiioH of pOEMhLFe plaemld DMA. The oligo primers need were 
as fellows: the 5 ? end oKgonncleotMe m shown In 8BQ* ID> No, 1: 





and the S ? end oligonncleotide as shown in SEQ. ID. Ho, 2; 
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" &h Hmd.ll and A&sl &»d was snbcloned 
*hhFO ^mmUmpGmm^. A 681 base 




pair u*Bmytm» irafm^Bt wifcfa MplMfEyull m 
sigB&l saqtiBi^e and tha almtm £@si& start of tip m&tea 

amylase II g§ne s wa^ obtam^d by FOE ampllilea^on of A ofyssae' genomic 
IMA, Tim &ligo jmmmB were m follows? §*end , -piigmmeft 
shown In ESQ, IXX No< 3: 



(GA.GGTACC 




mtii the B^d oligCftiuckotM$ as shown in SEQ, ID< Mo, 4: 
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« *«^«ifled DMA was digested with Asp?lS sad PvoII and mibeloBed 
into AspTIS/HlBdll digested pCJlMh&F. The resulting jtaoM 
(pGEMAfcitF) was digested with BcoM and the resulting 2,8 kb 
amyiase^acfcoferrin fragment was std?doned into a tmxque EfioBI site m 
PALS according -.o the method of generating pAM*F*. Byni&mUe 
oligonucleotide wo : •<> mod to prsmda the :toft>f®.<^c^:*mftlnal eodons 
of laetoferrm (at M38 ~MS3} missing in pAhLF* m& also t© provide the 
first ISO bp of 8' untranslated sequences from the A, niger glum^^mm 
$aa& Tlia resiilfei^f pl^imd C pmLFG ) was mad to trai^sfem the A 
o?j^ae pyrGr mutant atraim> 

plasmid, p^LFG oom^^ 881 bp of S^flanMiig aaq^nee of the A ot 
AMY11 gerte wMek i&elmfes the signal $gque&ge amcl first >mkm piimtotite. 
^aniylm The aDNA m&mg for mature kxman I«#®feia atijfelon^ 
m frastia dc^^^eam fern thm® sBqxmticm BMwkig m^^m^ 






production by the a^Mition of aiarda to the growth m&dmm. The 
^Br0Mm niger 0immm$imB W trntra^slated region promcfe the 
rlption teniiiiiator and polyadeBylatiois. ipafe, The plasmid also 
i £ha Matsrospora erassa frp>4 s^keteble marker md m ^mpimMm 
rmMmmm gene< 

The plmmM mxmtm^ ^MiLFO) used for 
human LF cotitams a 881 fop fragment that eneocles the p 

sigsaai aesp&nee also eontalBs the eodon for alajrme from tha atart of the 
das^ m&tura prot&hx g&xiai^hsg* tMs aigrtal Mfm^^ d^vftc^ - a - t 
«i Ala Ala) reeogmsabie by an. etidogBnaaa cs-an^l&sa peptidase* A 
hirm&ti laeto&rrin eDHA feapna^t eroding the matxira pr^fceln mm 
m&&lmm& m ftmm hnmadiate^ tfe AMIS saq^a^es, 

pMmg It imder the soiitml of tlik highly eflidesst starch inducible 
promoter, ordar to stabilise the tmnserihai faiiBan mE£l& a 180 
bp tegMontcnoodtogthe 3' uMn^ated Wg icm ofthe gtoeoa^yfaa, g» e 
feom Asperglliias liigsr was Mgated into a tmispe BamHI site to the 
multiple elomiig cassette, Immediately downstream ©f the knman LP 
cDN^pro\iaitigtlie traiisenptloa temiiimte and polyadenyiation signals. 
The plaamld also coatajjis tlis Meurospora erassa F^r4 saiecteMs marker 
which complements a pyrG amyotrophic mutation of A oryme and allows 
selection of spores that toa been feasj&farmsd wxth the plmtnid hy 
owtb in the absence of m*£dme> 





s isolated from MB mg of b/opMli«ed 
:sBen, et al ? J. BioL Ckem^ 26§:lS76*?»iS??5 
The DNA was digested with Bcoll, ske fractionated on a 0.8% 
agarose gel and transferred to Mtroceiteiose. ftehj^diaation and 

m .filter for Southern ai 



■V? 




two 



*ed m 6XSSC, 0.1% SDS and 0,8% drkdmi!kst ®B*G fm l$kmm. 

4. 1 3£ 10 T cpm ^-labelled i&etoferrin eDMA 
* Hie filter was washed in 2IBSO, 0.5% SDS at room 
nature for SO minute followed by two washes In O.SX BSC, 0,5% 
at 68*0 for 80 minutes. The filter was dried, imposed at «?0°O for 
honrs and developed by autoradiography, 




performed ots transformed Aspergill 




sformsmts and mt&mi A07 
Ued hLF eDNA probe (2.1 kh>. 
labelled Iragrnant f2,8 tt) generated open BeoHI digestion of the 
plasmid which Is present in all the transformants (#1.9) bat 
m control ^transformed A07< Molecular weights of 
age lasnbda Hind 111 fragments ate indicated at the left. 




MM A was isolated from lyepMliaed mycelia (200 mg) using 
commercially available EMasol B CBioteex Laboratories, IMC, Houston, TK) 
according to tbe mannfaeturers instructions. Total BMA (20 ug> was 
ectropboreaed in a 0.8% agarose gel containing 2JM formaldehyde. The 
MA was transferred to nitrocellulose and hybridised with either a 2.1 kh 
laotoferrtn cDMA or a 1.8 kb genomic ^-ataylase fragment corresponding 
to the mMng region of the ^amylase 11 gene. The probes were 3S F- 
iaballed by nick translation (specific activity 2 $L 10 s epm/ug). 
Hybridisation was carried out Is BSC, ,05% dried milk at Or e over an 
ice with 2 x Iff cpm probe/mi 

Washes were identical to those employed in the 
lysis. The filters were dried, exposed at -70*0 for tw* " 
^eloped by autoradiography. BMA dot blots were performed mi 
;roceIlnlose membrane and the manifold dot blot system, Hybridiss ' * 




10- 



and washing conditions were as described above for Southern analys 



is. 



was 



using the batagon Mot ae&b 



Eaeomfoinant production of l&ctoferrin protein baa 
described m its preferred embodiment However, it eouM also 
In a number of other sotsrees such as fetngal sources such 



>cea eere^M&e or pi 



cells such m SF&< 



HGUEE 3* RMA an&Ip&k of tranaformant 
versus control AOT was performed. In Panel A, Horfchem analysis of EH A 
(20 |$g) from control AO? and iransformant #1 hybridised with 
radiolabeled taaau LF eDHA. Human LF mENA (2M M>> was detected 
in the ixansfoxmaat #1 but not k& control utitransforaaed AO?, The 
positions of the 28b mid 18a rRHA hands are indleated on the left. In 



*I B* Dot Mots of 



{§ and 10 pg) from control AO? vermis 



transfomiani #1 using a radiolahelled ^-atBykse genomic IMA probe. In 
Panel C f Dot Mots of EHA (5 and 10|ig from control AOT and 

iBni #1 using radiolabeled human LF 
If ortherxi analysis was performed 
SNA was transcribed correctly and efficiently in A aryme under the 
— ^->1 elements of our session pjtamid. Spores (1x10%bD 

#1 and from control ^ntransformed spores were 
fungal medium containing tS% glucose as carbon source 
grown at 30*0 for 48 honrs in amal shake flask cultures, The 
eiriiures were washed andxeinoetilated into &ngal medium oontaining 8% 
stech to induce tranamption of the human LF mBNA, After 24 hours, 
the cells ware harvested and RMA was isolated. Total BHA (20 |&g) waa 
sme feaetionated on a 1.0% agarose gal containing 2M M formaldehyde and 
Hotted on nitroceIlnlose< 




LF eDNA 
radiolabeled cDMA probe 
correct atee for laetofarrin 



A was & 



using **P labelled 
with human LF 
band at the 
(2*Skh) in the transformant but not in 
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the control yntransformed strain (Fig. BA), Quantitation ofmRNA levels 
by dot assay showed comparable levels of expression of endogenous <*- 
amylase rRNA between control AO? and transforniatxfc #X (Pig. SB). In 
addition, similar levels of expression of *«amy!as© and human LF mEHA 
were soon in transformant #1 CFIg.SB and SO). 



10 



IS 





e growth medium tismg CM 
by Stowell, at aL, Biochem Jl, 



LP was 
Sephaetex 050 essentially as 
276:849-59 {1991.}, The column was preeqtdlibrated mtb 500 ml of 0.025 
HC1, pH 7J>0 1M NaCl. The pH of the culture medium was 
7*4 before applying to the praequiMbrated column. The 
c<ta was wasted with §00 ml of equiiibraiion bnflhr and followed by 
a linear salt gradient from 0,1 to L1M NaCL Fractions (7 ml total) ware 
assayed for laetofemn content and purity imng SDS/PAGE and silver 
Naming, Fractions containing LF were dialed against 0*025 M Tris HC1, 
pH 7. 5/0 AM NaCl and lyopMiksd, 





wa^ quanm&teo using an 
as described by ■ Vfiga at &L y <J1 Immunol Methods, 7&tlB- 
83 (1986) . A s&nsiiroty of 5 ng of lactoferrin was obtained using the non- 
competitive Avidln-blotin assay. Human LP isolated from breast milk. 
(Sigma) was used as standard, Biotinylated human laeiofemn IgG was 
from Jackson Immimoresaareh laboratories, West Grove, PA* 



> 
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It 



20 



Five pg of pnrlfie 
an SDS-polyacrylamlde gal and 






ystems), Hmn&n LF was 

ghly with distilled H s 0 
of tue first ten amiio 



fe human LF was resolved on 
ferred to ProMott, a polyvmylide.Be 

(Applied 
mi Blue 

LF band was? excised, washed 




idtsre xtsixig mx 



determined by the 
spiled Biosystexns 




reference to FIGURE 4 ? panel A ilto 
stained SBS-poIyaeiylamide gel analysis of recombinant human LF 
secretion and pnrifieation< Lane 1 eontains breast milk human LF 
standard (500 ssgX Lanes 2 and 8 contain samples of fee growth medium 
(40 ixg) from induced control AC37 and tran&forma&t #1 respectively; 
hmim 4-8 contain 100 *d aMquota of elu&ed fractions C#25 ? 30, S5 ? 40, and 
4§ respect^ely) collected from the €M~sephadex purification of 
recombinant LF from the growth medium of tranaformant #1 
position of the molecular weight markers (BioBad laboratories EI 
C14) are indicated on the left Sfees are given, in Miod 
illustrates a Western immunoblot analysis of duplicate samples as 
described m panel A using a specific: polyclonal antibody directed against 
LF with detection with ^Lprotein A- Panel 0 illustrates #8 N* 
sermmal amino add sequence of raoombinant human LF< Eecomhinant 
LF was sequenced from the N-terminus through 10 residues and 
is identical to breast milk human LF with the exception of the additional 
alanine generated in our constoietion to provide the a-amyl&se signal 
sequence cleavage sit 







id tmmg M^glymsitimB F 
A oryme growth medium coMaitiMg Ck§ pg 
**in web for S iftiautei a* iQ0*€ in %}m prmmm of ®MM> 

Btm&m& ZWSmm afmiki%r> The smxplm 

were mibmqmmtJg ptasd on lee for five mtote^ M-glycosMaBe F 

d in OA M sodium i&ogphate, (pH S<8); ®M8% 
m; %t% p-mareapt^feaixol and 1 unit of 
37* 0 for sixteen hmim PAGE and w 



V* 




eatismg 
an increase 




FIG" 



2$ 




% TCeomfomaiit litmmn LF was 
deglyoo^latiori of la^to&rriB. 

^airtg a 
lac^toferm with 
authentic breast 




$d< Pane! A ill 

^^o^lated and ds^co^lated 
rl^eloBai antibody was directed agamsi 1 

A< The first panel eo 
milk htiinan LF (Ml® ng) untreated f ) and treated {4-} 
P< Beceiid pane! contains 

Btitraated (») and treated {*} with M-glyeosMaae I 
glycosylated htaman LF is indkated witfe the arrow, 
a lUBetionai a^al^?Bia af reo^mbiBant last 

Panel A a&d B ahow the **Fe 
tes of authentic breast milk Mainan LF and purified 
recombinant hnman LF, i^spa<^lwJy, at the coneentrafeiona mdieated. The 
first lane m both pan^fe eotitain BSA <§ p>g) m a tiegatiTe eontr&L 

srrm eontaima two N-acatylactainma type giyeans 
igs linkage To detsnmne if i^Dmbmaiit 

mm. mm gfemoayteed correctly f the protein was treated i^ith 

to nitrocellulose and probed tiding a speeife IgG directed against h 



18X1 
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laetoierriii (Fig* 8A}< N 

ge generating a 
weight Comparison of 
milk, illustrates that 
glycosidase F suggesting 
pattern similar to native 



b F hydrolases at the givcosylaxmne. 
bohydrate free peptide of smaller molectsiar 
hm&xxt LF with purified LF from human 




s upon mgeation 
in 



solemn 



aba 




t o bind t 



of laetofemn are 
recombinant Imman 



al sfcmettire with each lobe having 
ibfy f one Fe** km. The iron-binding 
for its functional rotes. To test if 
ssed and secreted in A ory^ae has an iron 






r 



micro filte 

ified hnman lactofeirin isolated from the 
d& #1 was dialled agminat 0.1M citric acid 
(pH 2M) to generate apo*bumam LF, Native laetoferrin from toman milk 
was treated similarly. Bbras m F® (0*2 mCi) was added to these samples 
in an equal voiiime of 1 M bicarbonate, foil 
BQ minutes. Samples were applied to nitrocellulose 
several times with bicarbonate* Tj 

Hxmamg was qmntitated ming a hetagon Mot 
analyser. As ffiusfcrated In Fig. 5B, both racoxnbinant and native LF 
showed a similar level of iron Mnding at all concentrations tested, The 



rxguis 



and washed 



native human LF In its capacity to hind iron* 

Witb reference to Figure 8* the complete eBHA sequence for 
human laetoferrin protein is depicted. The eBNA 
is used to create plasmida and tr 
the laetoferrin 



cells and to produe 



m 
v e 



S 



xns 



t ilhis tised in the present invention are 



contain a def g 



res 



man 



xfcy to eynt&esis 




enzyme is req 




grow on 



A 








feed with a res 






*es< 



gene for OMF clecarf?05?ytoa> 
plasmM by the aspergihng can t& e refbre be selected fox by growth on 
media lacking uridine* The aspergilhis is transformed by the plasmid such 
It cm grow on ^»"-ij3rl!litte- -di»jSci|SQ$ media* 

Ib one emhodtaent of the present Invention* fololo^l 
a reeomMn^i laotofferrin protein Is 
aprsses S5?mfeeakmg sequences eon&ammg a sei 

cloned to form a plasmM aM ttie plfe^mM 
mdon^Ieaae, A cDHA coding for 

cells are then tran^ 
Ofttfig the laetdferrm eBKA, 

stable marker gena useful in the metfaod of the 
inwntion may he any that permits isolation of eelte transformed 
with a laetoferrM eDMA pls^HiM, Pr^fembl^ &e selectable marker gene 
is selected from pyr4, p^Oy &rgB* trpC and andS« 

The promoter useful m the present mwtition may 
allows regidation of the f mna0ription of the tetofferrin * 
f* the promoter is selected from the g&msp of aleoh 

mm nation seaiienca refill in 1 * 
allows stahilkatioii of the l&eioferrm mKNA. 
termination sequence is derived from a- 
m&ylm&i glummnyim% alcohol dehydrogenase or benA, 

Tha Inker sequ^nee useful in tha present 
that contains a transl&feten initiation codon, a 
restriqtioB. enzyme cleavage site* Preferably, the Imker 
from &~amyl&ae f glueoaxoylase or iaetofexrin. 

The euc&ryotie cells useful in the present invention are 
that allow for integration of a pksmid comprising the 



^clrogen&se* argB* 




foe any 




may oa*> 
signal and a 
bis 



y* the enearyoiic cells 
h aa SF9 are useful in the 



My, the fimgal cells are 
cells useful ixi the 

f A, Niger, A* Nidukms 



and expression of the xacsoterrxn 
are fungal cells or insect sella* Insect ceils 
method of the present invention. More pre 
yeast calls. Most preferably, the euearyofcic 
indention are sspergillus atrains, such as A 
and A. Amam&rL 

In conclusion* it Is seen that the present invention and the 
embodiments diseloaod herein are well adapted to cany out the objectives 
and ohtaln the end set forth in this application. Certain changes can be 
iti the method and apparatus without parting from the spirit and 
s of this invention* it is realised that changes are possible and that 
is further intended that each element or step presided in any of the 
e claims is to be understood as to referring to all equivalent elements 
:or accomplishing the essentially the same results in substantially 
the same or equivalent manner. It is Intended to cover the invention 
hroadly in whatever form its principles may be utilised* The present 
invention, therefore, is well adapted to carry out the objects and obtain 
the ends and advantages mentioned, m well m 
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1 



L A method for producing biologically active recombinant iactoferrin 



coitxprising the steps of; 



and 



combining sequences containing a selectable marker 

termination sequence* and a linker so 
eea to form a plasmid 
mid with a restoefeion endonude&se; 
coding for lactoferrin into a restriction 



cloning said se 
digesting aaid piaj 
inserting a cDNA 



* 



A 



tTanaformiiu 
cDNA* 



eells with said 




selected from the gr 



The method of Claim % wherein said selectable mar&er gene is 
oup mnsmimg of pyr4 t pjrG, mxdS, argB and fcrpC. 



3. The method of Claim i, wherein said mil expresses Iactoferrin, 



4 Laetofemn produced hy the method of Claim 2, 

f>* The method of Claim l f wherein said promoter i 
consisting of alcohol dehydrogenase, argB, ^amylase, glu 



from 
ase* and 



8. The method of Claim 1, wherein said transcription termination 



sequence is m 



dehydrogenase and benA, 



group 



of 



agse* alcohol 



7. 



The method of Claim I, wherein said linker sequence is selected 
the group consisting of ^amylase, glueoamylase and iactoferrin. 
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S* A plasmM adopted for expression in a eue&tyotxe cell which 



comprises fee cDNA of Figure 6 and the regul* 
egression of ths &DKA in the eucaryoiie cell* 



elements necessary for the 



9. A plasmid designated 




cell containing the pl&smxd of Claim 8. 



eell of Claim 10* wherein 
ted from tlxe group eonslsilng of fungi and insect eels, 



i ceil is 



eneaiyotio eel of Claim 11, wherein said meecfc cell is 



1 



fengal cell is yeast > 



14, The eu* 



let cell of Claim 18, 



sn aaid yeast cell is 



is selected from the 




Awamori* 



k eel! of Claim 14, wherein said strain of aspergillus 
j of A. o?yme 9 A< Niger* A< Nidulans and .A. 



16* A process for 




comprises 



t plasmid, said pla&mid 



comprising a plasmid vector having a pol^ 




>- medium tmtli laetoferrin 



is termed, 



and, isolating 



.<- 



17. A recombinant expression vector having a traBsariptionai ttnit 
comprising am assembly of CD & genatie element or elements having a regulatoij role 



wo m/nm 




per/ 



O v 1 



g a 4 




* 1^ Ik Jb 
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if 
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per/mm 
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o 

iSSK 
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IF 









a? 




o 


o 




<: 














W 







a? 



4 0 




AS* tsa AN A)S tfltrPFO Ms A s p Tf $> As* g Sin 
L&vi&t&rrin Signal e« Hiimai> of -syrM 



1) 



2) 



A *»y J #:»■©■:. Signal ?.$.«*:£-& 
'** * r ' 1 ; ^ — : -~~»M & 1% u Ma \Ma 01 y A r 8 A r s A r $ Af j» r V a I 01 a "t r p 



"Oy&L^u&m Mly &r$ Anr*r$ Ars Se.r V § f £iW ftp Qf4 
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-5EQUE8G 
OF 



V-r 



*H» AMINO ACID SSQUEM 



£HCE 



LAGTO P.SE&I H 



18 



"AGAC 



lys leu va 



-1 



gtg era ctg tie c?€ eas ecc ec 

e lea v&l leu leu phe leu gly &la leu 



" A GTG 



66 



17 



€AA 



GTG GOT GGC O 

lm ala gly &rg &rg arg arg «r val gls* trp cys 



G& AGS AGT GX5 CAG X8G TGC ACG GTA XCC 



^<1t* 

33 



CCC GAG mc 40 A MA TGC TTC SAA T8G CAA 
pro glu ala thr lys cys phs $fyx trp gin arg asm 



AXC 
met 



B arg 



CT CCT <*TC 
Wl arg gly pro pro ^ 
49 



J>> O C\ 



&m MS AGA GAC XCC CCC ATC GAS 
*er cys lie lys &rg asp ser pr« lie gin 



210 



TGT ATC CAS GCG AIT GCG 
cjb tie. gin ala ile ala 



GAA MC AGS SCC CAT OCT 
gl« »«», arg ala asp 



258 



GOT 
gTy 
81 



GGT TIC ATA TAG GAG 
gly phe iia tyr g 



?CA CSC 



^ 

W v V 



AGG CTT GAT 
thr leu asp 



Val 
9? 

354 
TAX 

113 



GCG GCG OAA GTC TAG 

ala ala g 1m 



pro tyr lys ieu arg pro 



ACC GAA ASA CAG CGA GGA A0X GAG TAT 
glu arg gin pro arg thr 



SCC OTG SST QW GTG MG AAG SSC GGG AGC TO CAG CXG AAC GAA 

lys gly gly ser pus gin Imi ass. glu 



a 



129 



€M GGT CTG MS TGC 
gla gly leu lye igr 



GGG GTT CG0 A®® ACG GGT GGA 
gly leu arg arg thr ala gly 



450 



Mi uTG CC 



145 



ash val pro lie gly 



€A CXT €GT CCA XXG TTG MX XGG AGG 
«■ arg pro 
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498 



pro 



cm sm cm qaq gga sex gtg occ 

pro glu pro ile gla ala a la val,ala 



Me 



phe 



TCA 
sec 



J AG 



IS 



TGT 



qtt mc 

val ssro 



OCA CAT M GSA CM TTC 
ly ala aap Iy,$ gly gin phs 



«ysi: arg lau 



94 



«i AA€ AAA <SCC 
Cfs ala gly tfer gly gla aam iys w ala 
193 



wee tec Tac cas gaa oca 



set g 



u pro 



TO AGO TAC TCT GGT GCC XTC.AAG XGT CXG 



tyr phe ser tyr ser gly &1& phe 



2* 



ays 



oac om mt GGA 

ax*g asp gly 



690 



GAG GXS SCf XTT A$C ASA SM AOL STS 
aap val ala phe lit asg glu «er tkr vai 



tti, &m mo cm xca gag 

phe glu asp leu aar asp 



738 



GAG GCT GM AGG GAG SAG fAS GAS TtA SIC 
|J« aXa glu «rg «sp tyr glu leu 



xcc 

ays 



:x cgg 



788 



AAG CCA GTG SAC AAS fXC AAA CAC $SS CM CIS SCO CSS SIC CSX TCI 
||| pro vai &Bp iya ays a»p ey* his leu «£» arg r«l pro ser 



4 



CGI 



:C ATG TGG 
gly XfM glu mp ala lie trp 



AAX CTT 



&sn leu X&a arg «: 
289 



SG 



4 



305 
978 



321 



set cm Q 

i glti gin Ijb phe gly lyg 



e gin 



A*-. 



OSS < 
pro ^er gly gin 



#■> A >>> {^VSN^V J^WW J«*\A«,-X 

mi <v»is^ vl<jr 

s asp lau l&u p&e 



asp aer ala lie 



km GTG CCC CCG AGS ATA GAT TGT 
gly pfee aer arg val pro pra arg Il« asp ^ar 



CXG 



S CTX 



r x ? 



gay gar gly tyr 



ACX GCC ATO Cm AAC AGO 
tfer ala lie gla as?n Xsa arg 
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AAA AGT GAG GAG G&A GTG 
lys aej? giu gl« gisa val 
353 

GCG 0TS GGC GAG CAG GAS 
sis val gly glu gla giu 



vCT GCC CGG CCJT -Brc r*** „ 

■ ■■: V ^ * ^vv? ws,e GTC QXG * 

t& &X& erg ar& &i& . ' 

*m ^rg val val trp cys 



€1G ^ 



1 170 



5 



V iiQC AGC GTG ACC 
sar val thr 



arg lys eya ssa gin trp 



TCC TCC GCC TCC 
eya ser ser ala sar 



jaw 



§«r gly i^u 



gag sac tgc 

v giu asp ey$ 



X <c x 3 

AXC GCC CTG GTG 

401 



W ■««■ AfS & ltd: SAT 
* «lu to asp ala met m?. leu ** 



CCA 



XAT '5$ 



417 



Wl tyr 



GGT TTG Of C CCX QtC CTG GCA 

iy lys ays gly lea ml pro vsi 



4 



GAS AAC TAG AAA TCC CAA 
glu &on tyr Ijst set gla 
433 



CAA AGO AGT GAB CCT ©At CCS js 
la ser set asp pro asp ps© 



csnr. sct ats sea era gxx agg xca 

&ap &rg i>ro tal glu giy tyr Imx ale val &1& val val 
443 ^ 



A&C XCT GIG AAA GGC AAG MG TCC TG€ CkC 
tr P val lys gly iy* iy$ *&r m 



GAG ACT AGC 
asp thr s«%r leu 
465 

145:8 

— ro ac act gca sac >zqq mi aw ccc aw mc CTG etc 

ml m&p arg t&r &1& glj trp &sn 1X$ ^ro met gly x*u lea 



TTC 



497 



AAC GAG ACC CSC TCC TSC AAA TTt GAT GAA W XtC AGT CAA AGC 
ass gla t&r gly ««t cys lyss phe asp gtu tyr pb« ss«r gls s&r 



15! 



513 



GGG CCT GOG TGT GAG CCO ASA TCT AAT CTC TGT GOT CTG TGT ATT 
pro giy aer asp pro arg s^r lee cya ala X«u lie 



ms SAC GAG GAS GST 
giy asp giu gla gly 
529 



GAG AAf MS XSC GTG CCC AAC AGC MT GAG AGA 



STB 



mu 



X AO vfe;£3t5sof 

fcyr g 



GSG SJf TTC CSG XGG CTG OCX OAS MX GOT SGA 
gly ala phe &rg cys lea « i « »i ** 



fly 



1698 



^ v I 



746 



asm ssa 



gl« ala 



AM SAT GXC ACT GTC TO CAG AAC ACT GAT OGA 
lys asp val thr val l s « gi« asa fchr asp gl ^. 

XGG GGT MO : GAT TO AAG CXS OCA GAG TTt GCG 
fcrp ala lys asp Is?* lys i©« «x a 



1794 



CXS CXG SGC CIS GAT SGC AAA CSS MS CCX CTG AC 
1«| lea cys ieu asp giy lys arg lys pro val 



SCT AG A AGO 
arg ssr 



TSC CAT CTX SCG ATG SCO COG AAX CAT SCO GXS CXG 
eys Ms l<a« ala m&t ala pro asa his ala val val 
609 
IS90 

AAC STS GAA CGC CTG AAA CAG GXG CXC CXC CAC GAA 
lys val glu arg lm lys glo val leu leu his gis 

1938 

CGG ASA AAX G<JA XCT SAC XGG SGG GAC AAC f XT XGG 
|ly arg asm giy s«r asp cys pro mp lys pfce ays 

1986 

<SAA ACC MA AAC CTX CTG TSC Ml SAC AAC ACT GAS 
gl*s thr lys &gn Xe« Xeu pfee &sn asp 



QQQ 



AXG OAT 
met asp 



&X& lys *>he 



xta rrc gas tot 



GGC MAMMA TAf SAA AAA TAT TTS SO A CCA CAG TAT GTC 
J|3 Ms ^ ^ thr tyr gits Xys lyz Xeu gly pro gin t yr val 



2082 



GGC ATT AO MX CTG AAA MQ TCC TCA ACC TCC 000 CXC CXC GAA 
|4| gly lie tte m lea lys lys cy« mz th% **? pro Uu ku glu 

2130 

GCC TOT GAA TXC CTC AGG AAC XAA 
ala cys glu phe lm mxg lys ACCCAA 
70S 
2180 

ACAAACCCTC AGCCATTCAC XCCCCCCASC TCTTCTCCCC AGCTGTOXXQ CCGCCTTCC 



€ 



2240 



'GCTG MGSTGCGGA TTGCCCAXCC ATCTGCTTAC AATTGGCTGC XCXCCXCXXA 



&3 



is ivjyi JcV>\< 
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